INTRODUCTION {#sec1-1}
============

The incidence of odontoid fractures varies between age groups and is generally believed to account for approximately 20% of all cervical spine injuries.\[[@ref1][@ref2]\] The great majority of odontoid fractures occur in the elderly population from a low-energy mechanism with a smaller contribution from high-energy accidents in the young.\[[@ref3][@ref4]\]

The Anderson and D\'Alonzo classification is the most commonly utilized classification system.\[[@ref1]\] Type I fractures occur at the proximal tip of the dens from an avulsion injury. Type II fractures occur at the junction of the dens and the C2 vertebral body. Type III fractures extend into the vertebral body and account of 39% of all odontoid fractures.\[[@ref5]\] In general, the Type III fracture is believed to have high healing potential due to large fracture surface area through cancellous bone.\[[@ref6]\] Current studies recommend nonsurgical management of Type III odontoid fractures with union rates of 85%--100% with external immobilization.\[[@ref5][@ref7][@ref8][@ref9][@ref10][@ref11]\]

A considerable amount of heterogeneity exists among Type III fractures. High-energy fractures with comminution of the lateral mass and secondary fracture lines extending into the pars interarticularis or vertebral body have historically been studied together with low-energy simple fractures in the elderly. The purpose of this study is to separately evaluate treatment outcomes of complex Type III fractures with external immobilization (halo vest and hard collar orthosis).

MATERIALS AND METHODS {#sec1-2}
=====================

A single-institution, retrospective cohort study was conducted to evaluate the outcome of conservative treatment of complex Type III odontoid fractures. Acute C2 (axis) fractures were identified from International Statistical Classification of Diseases-9 coding from 2008 to 2015. Institutional review board approval was obtained. Fracture morphology was delineated by computed tomography (CT) and classified according to the definition of Type III fracture according to Anderson and D\'Alonzo.\[[@ref1]\] Information regarding patient characteristics including age, mechanism of injury, neurologic status, and other associated injuries (spine, chest, and abdomen) were recorded for all patients with acute Type III odontoid fractures.

Type III odontoid fractures were divided into two categories. Fractures with lateral mass comminution \>50% or with secondary fractures lines into the pars interarticularis or vertebral body were classified as "complex fractures" \[[Figure 1](#F1){ref-type="fig"}\]. All other Type III fractures were classified as simple fractures \[[Figure 2](#F2){ref-type="fig"}\]. Inclusion criteria for the study were complex Type III fractures that were treated nonoperatively in either a hard collar orthosis (Aspen Collar^®^) or halo vest. Patients that underwent early surgery without a trial of nonoperative management or those lost to follow-up were not included in this study.

![Example of a complex Type III fracture with comminution of the left lateral mass extending into the pars interarticularis. (a) coronal (b) left parasagittal computed tomography](JCVJS-9-63-g001){#F1}

![Example of simple Type III odontoid fracture with extension into bilateral superior articular facets. (a) coronal (b) mid-sagittal computed tomography](JCVJS-9-63-g002){#F2}

Patients were treated by both orthopedic and neurological surgeons based on the preferences of the treating surgeon. All patients in the study were followed at periodic intervals (1--4 weeks) after discharge from the hospital with upright anteroposterior and lateral radiographs. Fracture deformity was measured off initial CT scans and on final follow-up radiographs with notation of displacement and angulation by two authors. The mean value of displacement and angulation was utilized for analysis. Displacement was defined as the anterior translation of the odontoid fracture fragment in relation to the C2 or C3 vertebral body. Any significant worsening of alignment or displacement prompted recommendations for surgical fusion.

Fracture stability and union were determined independently by two different authors at the time of discontinuation of immobilization. Stability was defined as the absence of nonphysiologic motion of C1--C2 on dynamic imaging with atlantodens interval \>3 mm.\[[@ref12]\] Union was defined as bridging bony consolidation on CT or bony healing of the fracture lines on X-rays in addition to the lack of motion at the fracture site on dynamic radiographs. The maintenance of reduction was defined as \<2 mm of change in displacement or 5° of angulation in comparison to initial CT scan.

Univariate descriptive statistics of the study sample were summarized. Participants were characterized by the type of Type III odontoid fracture (simple/complex), and Chi-square and *t*-tests/Kruskal--Wallis tests were performed as appropriate to compare the two groups. Type III complex odontoid fracture participants were further categorized into two groups, based on treatment received (halo/hard collar) and other inclusion criteria mentioned in the methods section above. These two groups were compared using Chi-square and Kruskal--Wallis tests as appropriate. All statistical analyses were performed in SAS 9.4 (SAS Institute, Inc., Cary, NC) and level of significance (α) was set at 0.05 (two-sided).

RESULTS {#sec1-3}
=======

A total of 125 acute Type III odontoid fractures were identified at our institution between 2008 and 2015 \[[Table 1](#T1){ref-type="table"}\]. Sixty-one fractures were classified as simple \[[Figure 2](#F2){ref-type="fig"}\], and 64 met the criteria for complex fractures \[[Figure 1](#F1){ref-type="fig"}\]. Patient\'s characteristics are displayed in [Table 1](#T1){ref-type="table"}. The average age of presentation of all Type III odontoid fractures was 55.9 years (±22.3). Simple fractures had a lower mean age (51.1 ± 22.4) than complex fractures (56.9 ± 22.4).

###### 

Characteristics of patient by fracture type

![](JCVJS-9-63-g003)

Fifty-five (86%) of the complex fractures occurred secondary to high-energy blunt trauma; whereas, nearly one-third (19/61) of simple fractures occurred secondary to falls from standing. Of patients younger than age 60, 66 of 68 (97%) occurred secondary to high-energy blunt trauma; whereas, only 52% (30 of 57) patients \>60 years of age occurred from high-energy mechanisms. Neurological injury was seen in four patients each with simple fractures extending into the superior articular facet.

Of the 64 complex fractures, 33 met the inclusion and exclusion criteria for the study. Eight patients were excluded due to limited outpatient follow-up and seven patients due to death. An additional 16 were not included due to early surgery. Average follow-up for the cohort was 32 weeks (±44) with a median of 16 weeks. A relative equal distribution of treatment in halo vest (*n* = 15) and hard collar orthosis (*n* = 18) was seen at discharge from the hospital \[[Table 2](#T2){ref-type="table"}\].

###### 

Study cohort patient and fracture characteristics according to treatment

![](JCVJS-9-63-g004)

Twenty-six patients (78.7%) progressed to fracture union without loss of reduction or change in alignment. One patient removed his hard collar before recommendation and returned to clinic months later with myelopathy secondary to a malunion \[[Figure 3](#F3){ref-type="fig"}\].

![Malunion of complex Type III fracture in a patient with poor compliance with hard collar orthosis. Patient return to clinic 9 months after injury with spinal cord compression and clinical examination consistent with myelopathy. (a) mid-sagittal computed tomography (b) mid-sagittal T2 magnetic resonance imaging](JCVJS-9-63-g005){#F3}

Seven patients (21%) underwent late surgery as outlined in [Table 3](#T3){ref-type="table"}. Two patients treated with a hard collar orthosis demonstrated a progressive loss of reduction and underwent posterior fusion. A third patient treated in a collar underwent a C1 laminectomy for myelopathy as described above. Four patients treated in a halo underwent late surgery (posterior fusion) with three occurring due to progressive displacement and one who showed no signs of healing at 8 weeks.

###### 

Characteristics of patients requiring secondary surgery

![](JCVJS-9-63-g006)

DISCUSSION {#sec1-4}
==========

In 1972, Anderson and D'Alonzo modified Schazkter\'s classification of odontoid fractures extending the scheme to include those that involved the vertebral body (Type III fractures).\[[@ref1][@ref13]\] In clinical practice, the Type III fracture encompasses a heterogeneous collection of morphologically different fractures of varying etiologies and patient demographics. At trauma centers, a complex, high-energy subtype exists that radiographically fits the definition of Type III odontoid fracture but of unknown clinical context. The current study was designed to further investigate complex Type III fractures and evaluate radiographic treatment outcomes.

Fractures with \>50% comminution of the lateral mass or secondary fracture lines extending into the vertebral body or pars interarticularis were classified as complex. Biomechanically, complex fractures exhibit the same deforming forces as all odontoid fractures with additional instability in the rotatory or coronal plane. In the current study, 51% of Type III fractures met our criteria as complex fractures. These patients were of similar age to all odontoid fractures (56.9 vs. 55.9 years) but were commonly associated (86%) with high-energy blunt trauma (*P* = 0.02).

While a Cochrane review revealed that no quality trials existed to guide treatment of odontoid fractures,\[[@ref14]\] Type III odontoid fractures are universally treated nonoperatively.\[[@ref15]\] With rigid external immobilization, high success rates have been shown in the treatment of Type III odontoid fractures.\[[@ref5][@ref7][@ref8][@ref9][@ref10][@ref11]\] In 1989, Hadley *et al*. treated 48 patients with either halo or sternal-occipital-mandibular immobilization (SOMI) brace with all progressing to the union.\[[@ref11]\] Greene *et al*. retrospectively reviewed 77 Type III fractures with 69 managed in halo or SOMI with a 1.4% nonunion rate.\[[@ref5]\]

Analysis of complex fractures shows an overall 21% failure rate with nonoperative management requiring delayed surgery. A majority of these patients (7/9) demonstrated progressive displacement of either 2 mm of translation or 5° of angulation and underwent delayed surgical stabilization. In addition, one patient in our study had poor compliance with hard collar orthosis and developed a malunion prompting decompression for myelopathy 9 months after injury \[[Figure 3](#F3){ref-type="fig"}\]. The relationship between odontoid fractures and delayed myelopathy has been well documented in the literature.\[[@ref16][@ref17][@ref18]\] However, most authors cite myelopathy secondary instability from a nonunion and not a malunion as seen with our patient.

To date, no standard of care exists for optimal immobilization technique in Type III odontoid fractures. Clinically, both Patel and Polin both showed no statistical advantage of halo vest compared to hard collar in their case series of 15 and 18 patients, respectively.\[[@ref8][@ref9]\] With increased knowledge of morbidity and mortality associated with the halo vest,\[[@ref19]\] nationwide inpatient sample data from 2000 to 2010 suggests treatment of C2 fractures in halo vest has decreased 25% to 10.4%.\[[@ref20]\] Our results suggest a higher yet nonstatistically significant rate of failure (*P* = 0.48) of the halo vest (26.6%) versus hard collar orthosis (11.1%). However, we caution against interpreting the results as a superiority of the halo vest as the two treatment groups were not alike \[[Table 2](#T2){ref-type="table"}\]. The halo vest was utilized in more displaced fracture (*P* = 0.009) and in younger patients (*P* = 0.15). In addition, one-third of complex fractures had accompanying intracranial pathology that at times precludes halo vest placement.

In the current study, no variables were identified that were predictive of failure with nonoperative treatment. Both initial fracture displacement and angulation did not correlate with fracture union. All six patients who underwent delayed fusion surgery ranged in initial displacement between 0 mm and 4 mm. The three patients with severe displacement (\>5 mm) on presentation all progressed to union and stability on dynamic imaging. Our results contradict recommendations by Ryken *et al*., and Fujii *et al*., suggesting operative treatment of fractures with displacement \>5 mm.\[[@ref15][@ref21]\]

The authors of the current study advocate conservative treatment of Type III odontoid fractures regardless of fracture morphology or displacement. As our data suggest, a small percentage of fractures cannot be adequately treated with external immobilization and will require fusion surgery.\[[@ref22]\] Nonetheless, a trial of nonoperative management should be attempted with close monitoring. If instability is detected or patient progresses to a nonunion, delayed surgery can be conducted with efficacious outcomes.\[[@ref23]\]

Limitations in the study largely lie in its retrospective, nonrandomized design. Individual treatment of each fracture may reflect the bias of the treating surgeon. As a primarily radiographic study, clinical outcomes were not analyzed.

CONCLUSIONS {#sec1-5}
===========

Type III odontoid fractures can occur following high-energy trauma. These are distinctly different than low energy injuries. In our study, 21% of complex Type III odontoid fractures could not be adequately treated with external immobilization and required fusion surgery. We recommend conservative treatment of all Type III fractures while maintaining close monitoring throughout patient recovery and fracture union.
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